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[222] Attorney Docket No. :USPL-77 



PCT 



IN THE UNITED STATES DESIGNATED/ELECTED OFFICE (DO/EO/US) 



Prior to its initial examination, please amend the above -identified 

application as follows: 

IN THE SPECIFICATION 

Please insert the following before the first line of the specification: 
CROSS REFERENCE TO RELATED APPLICATIONS 

This application is the U.S. national phase under 35 USC §371 of 
International Application No. PCT/US00/23124, filed August 23, 2000, 
which was published in English under PCT Article 21(2) on March 1, 
2001 as International Publication No. WO 01/14927. This application 
claims the benefit under 35 USC §119(e) of U.S. Provisional Application 
No. 60/150,451 filed August 24, 1999, the contents of which in its 
entirety is hereby incorporated by reference. 



International Appl. No. 
International Filing Date 
Priority Date Claimed 
Title of Invention 
U.S. Serial No. 
Applicant (U.S.) 



PCT/US00/23124 

23 August 2000 (23.08.00) 

24 August 1999 (24.08.99) 

SCREEN FOR REAR PROJECTION DISPLAY 

Not Yet Assigned 

Roy Auerbach, Joachim Bunkenburg, 
Brahim Dahmani, E. Gregory Fulkerson, 
Simon Magarill, and John D. Rudolph 



BOX PCT 

COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C. 20231 



ATTENTION: DO/EO/US 



PRELIMINARY AMENDMENT 



Respectfully submitted, 



Date: c^/j?//^^ 



Maurice M. Klee, Ph.D. 
Reg. No. 30,399 
Attorney for Applicant 
1951 Burr Street 
Fairfield, CT 06430 
(203) 255-1400 
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[222] Attorney Docket No. :USPL-77 " PCT 

IN THE UNITED STATES DESIGNATED/ELECTED OFFICE 

(DO/EO/US) 

' International Appl. No. : PCT/USOO/23124 
International Filing Date : 23 August 2000 (23.08.00) 

Priority Date Claimed : 24 August 1999 (24.08.99) 

Title of Invention : SCREEN FOR REAR PROJECTION DISPLAY 

U.S. Serial No. : Not Yet Assigned 

Applicant (U.S.) : Roy Auerbach, Joachim Bunkenburg, 

Brahim Dahmani, E. Gregory Fulkerson, 
Simon Magarill, and John D. Rudolph 

BOX PCT 

COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C. 20231 

ATTENTION: DO/EO/US 

LETTER 

Attached hereto as Exhibit A is a copy of replacement page 7 which was 
filed under Rule 34 during the Chapter II international prosecution of this 
application. 

Applicants assume that the examination of this application will be based 
on the claims which appear on this replacement sheet. If this assumption is 
incorrect, applicants request that this letter be considered as a Preliminary 
Amendment substituting these claims for the originally filed claims of the 
above-identified PCT application. 

In general terms, the differences between the claims which appear on the 
replacement sheet and applicants 1 original claims are as follows: 
Claim 1 - amended 
Claims 2-7 - unchanged 

Specifically, Claim 1 appears as follows on the replacement sheet: 



,i,o cms giis; 



-2- 

1. (amended) A rear projection screen for use with a projection lens 
which has an exit pupil, said screen having a light entering side and a light 
exiting side and comprising in order from said light entering side to said light 
exiting side: 

(a) a Fresnel structure; 

(b) a lenslet array; and 

(c) an opaque layer comprising a plurality of holes, said holes being at 
locations which correspond to the images of the exit pupil formed by the 
combination of the Fresnel structure and the lenslet array. 

A copy of original Claim 1 annotated to show the differences between the 
original claim and the replacement claim is attached as Exhibit B. 

REMARKS 

The above amendment changes the word "pinholes" to the word --holes- 
in applicants' Claim 1. Support for this amendment can be found at, for 
example, page 5, line 3, of applicants' specification. 

Examination of this application based on the amended claims is 
respectfully requested. 

Respectfully submitted, 

Date: ^//^ 

Maurice M. Klee, Ph.D. 
Reg. No. 30,399 
Attorney for Applicant 
1951 Burr Street 
Fairfield, CT 06430 
(203) 255-1400 
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Exhibit B 
Annotated Copy of Claim 1 

1. (amended) A rear projection screen for use with a projection lens 
which has an exit pupil, said screen having a light entering side and a light 
exiting side and comprising in order from said light entering side to said light 
exiting side: - 

(a) a Fresnel structure; 

(b) a lenslet array; and 

(c) an opaque layer comprising a plurality of [pinholes] holes , said 
holes [pinholes] being at locations which correspond to the images of the exit 
pupil formed by the combination of the Fresnel structure and the lenslet array. 
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SCREEN FOR REAR PROJECTION DISPLAY 

^ 



I. FIELD OF INVENTION 

This invention relates to rear screen projection systems including 
10 CRT, LCD, and DLP displays, as well as slide projectors. 

II. BACKGROUND OF THE INVENTION 

A projection screen is an optical device which does not create an 
image but provides a required field of view in the vertical and horizontal 
directions of viewer space. By reducing the field of view in the vertical 
15 direction, the screen creates the effect of increasing the brightness of the 
image within the viewing area, an effect which is referred to in the art as 
gain. 

III. SUMMARY OF THE INVENTION 

The invention provides a new structure for a compound screen for a 
20 rear projection display. More particularly, the invention provides a rear 
projection screen for use with a projection lens which has an exit pupil (23 
in Figure 3), said screen having a light entering side and a light exiting side 
and comprising in order from said light entering side to said light exiting 
side: 

25 (a) a Fresnel structure (11 in Figure 1); 

(b) a lenslet array (13 in Figure 1); and 

(c) an opaque layer (15 in Figure 1) comprising a plurality of 
pinholes, said pinholes being at locations which correspond to the images of 
the exit pupil formed by the combination of the Fresnel structure and the 

30 lenslet array. 



WO 01/14927 



-2- 



PCT/US00/23124 



The lenslet array can comprise elements which have a square 
aperture in which case, in viewer space, the screen's half field of view a can 

be described by the equation: 

a = tan-i(0.5*CA/f ) 

5 where CA and f are, respectively, the clear aperture and the focal length of 
the elements. 

Alternatively, the lenslet array can comprise elements which have a 
rectangular aperture in which case the screen's vertical half field of view av 
and horizontal half field of view an, in viewer space, can be described by the 
10 equations: 

av = tan~H0.5«CAv/f ) 

and 

a H = tan~i(0.5.CA H /f ) 
where CAv, CAh, and f are, respectively, the vertical clear aperture, the 
15 horizontal clear aperture, and the focal length of the elements. 

As a further alternative, the lenslet array can comprise anamorphic 
elements in which case the screen's vertical half field of view av and 
horizontal half field of view aH, in viewer space, can be described by the 
equations: 
20 «v = tan-i(0.5#CA/fv) 

and 

a H = tan"K0.5#CA/f H ) 
where CA, f v, and f h are, respectively, the clear aperture, the vertical focal 
length, and the horizontal focal length of the elements. 

25 The screen can comprise a protective layer on the light exiting side of 

the opaque layer. The Fresnel structure, the lenslet array, the opaque layer, 
and the protective layer can be arranged as subassemblies, e.g., the Fresnel 
structure and the lenslet array can be arranged in one subassembly and the 
opaque layer and the protective layer can be arranged in another 

30 subassembly. 
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When the screen is used with a pixelized panel, the lenslet array can 
comprise elements whose size is at least several times smaller than the 
magnified image of a pixel produced at the array by the projection lens. 
Similarly, when the screen is used with a cathode ray tube, the lenslet 
5 array can comprise elements whose size is at least several times smaller 
than the magnified image of a dot spot of the cathode ray tube produced at 
the array by the projection lens. 

The accompanying drawings, which are incorporated in and 
constitute part of the specification, illustrate the various aspects of the 
10 invention, and together with the description, serve to explain the principles 
of the invention. It is to be understood, of course, that both the drawings 
and the description are explanatory only and are not restrictive of the 
invention. 

IV. BRIEF DESCRIPTION OF THE DRAWINGS 

15 Figure 1 is a schematic drawing of a rear projection screen 

constructed in accordance with the invention. 

Figure 2 is a schematic drawing illustrating the correlation between 
the size of a lenslet array element and the projected image of a single pixel. 
Figure 3 is a conceptual ray tracing for the rear projection screen of 
20 Figure 1. 

Figure 4 is a schematic drawing illustrating lenslet array elements 
having a rectangular aperture. 

The reference numbers used in the drawings refer to the following: 

11 Fresnel structure 
25 13 lenslet array 

15 opaque layer with pinholes 

17 smooth surface of protective layer 

19 elements of lenslet array 

21 magnified image of single pixel 
30 23 exit pupil of projection lens 

25 light from projection lens 
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27 parallel beam 
29 light in viewer space 
V. DESCRIPTION OF THE INVENTION 

The structure of a screen constructed in accordance with the 
5 invention is shown in Figure 1. 

As shown in this figure, the compound screen has four elements 
which are: (1) Fresnel structure 11; (2) lenslet array 13; (3) opaque layer 15 
with two dimensional structure of precision pinholes; and (4) a protective 
layer having a smooth outer surface 17. These elements can be arranged in 
10 two components as shown in Figure 1, where one component is a substrate 
with a Fresnel structure on one side and a lenslet array on the other and 
the other component has an opaque layer with a pinhole structure on one 
side and a smooth second side which serves as a protective layer. 

The four elements listed above can be arranged in any combination of 
15 subassemblies but must have the following order from the projection lens to 
the viewer: Fresnel structure, lenslet array, and opaque layer with 
pinholes. The protective layer may not be necessary for all applications or 
may be unnecessary with the selection of a suitable opaque layer. When 
used, the fiat protective layer on the viewer side provides an easy way to 
20 clean the screen with typical methods and products for cleaning. Also, this 
layer adds abrasion and impact resistance to the screen. 

Figure 2 shows a lenslet array where the shape of each element 19 of 
the array has a square aperture to collect all light from the projection lens. 
As illustrated in this figure, the size of each element 19 is much (at least 
25 several times) smaller than the magnified image 21 of a projected pixel of a 
LCD/DLP or the dot spot of a CRT. This provides elimination of moire 
effects on the screen. 

The work of the screen is illustrated in Figure 3. Light 25 from the 
exit pupil 23 of the projection lens illuminates the Fresnel structure which 
30 has a front focal distance equal to the distance from the exit pupil of the 
projection lens to the screen. This means that after refraction on the 
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Fresnel structure, the light becomes parallel to the optical axis as shown at 

27. Each element of the lenslet array focuses the light in its back focal 

plane. Light then passes through the holes in the opaque layer and exits 

into the viewer space as shown at 29. 

5 The field of view in the viewer space can be calculated as: 

, x 0.5xCA 
tan(a>= — j f 

where a is the half of field of view (angular dimension), CA is the clear 

aperture (optical diameter) of a single element of the lenslet array, and /'is 
the focal distance of the element. 
10 To provide a different field of view in the vertical and horizontal 

directions two different solution can be implemented: 

(1) Each element of the lenslet array can have a rectangular 
aperture as shown in Figure 4. In this case the vertical and horizontal fields 
of view can be determined as: 

15 tan(av h JT^> tan fc" >= JT^ 

where <Xv and cxh are the half angular fields of view in the vertical and 

horizontal directions, respectively, and CAv and CAh are the clear 
aperture of the element in these directions. 

(2) Each element of the lenslet array can have a toroidal shape to 
20 provide different focal lengths in the vertical and horizontal directions 

(anamorphic property). For this case the equations for the vertical and 
horizontal fields of view are: 

tan(a v )=———, tan(a H )=— — — 
tv Ih 

where /y'and fH axe the focal lengths of the element in the vertical and 

25 horizontal directions. 

The opaque layer with the sets of pinholes can be done out of 

photoresist material. This material is exposed with an electromagnetic field 
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and developed with an appropriate chemical process. The process of 
exposure is done after both components of the screen are assembled. The 
source of the electromagnetic field is located at the position of the exit pupil 
of the projection lens (see Figure 3). This provides automatic compensation 
5 of all inaccuracies in the lenslet array with an appropriate shape and 
location of the pinholes in the developed opaque layer. 

To increase the contrast and reduce the reflection of ambient light in 
the viewer space the opaque layer can be further improved by the addition 
of materials which increases the absorption of this layer. All air contact 
10 surfaces of the screen can have antireflection coatings that reduce the 
reflectivity and increase the contrast. 

By using identical materials or materials with appropriate thermal 
coefficients of expansion, the optical properties of the screen can be 
maintained throughout the temperature and humidity variations which can 
15 be expected from seasonal climate conditions and set operation. 

From the foregoing, it can be seen that the benefits of the screen 
design of the invention include: 

• elimination of moire effect; 

• full control of vertical and horizontal field of view in viewer space; 
20 • low loss for light propagation from the projection lens to the 

viewer space and high loss of light (opaque property) in reverse 
direction; and 

• a protective layer on the outside side of the screen. 

Although specific embodiments of the invention have been described 
25 and illustrated, it will be apparent to those skilled in the art that 

modifications and variations can be made without departing from the 
invention's spirit and scope. The following claims are thus intended to cover 
the specific embodiments set forth herein as well as such modifications, 
variations, and equivalents. 
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What is claimed is: 

1. A rear projection screen for use with a projection lens which 
has an exit pupil, said screen having a light entering side and a light 
exiting side and comprising in order from said light entering side to said 
light exiting side: 

(a) a Fresnel structure; 

(b) a lenslet array; and 

(c) an opaque layer comprising a plurality of holes, said holes 
being at locations which correspond to the images of the exit pupil formed 
by the combination of the Fresnel structure and the lenslet array. 

2. The screen of Claim 1 wherein the lenslet array comprises 
elements which have a square aperture. 

3. The screen of Claim 2 wherein, in viewer space, the screen has 
a half field of view a given by: 

a = tanKO.S-CA/f) 
where CA and f are, respectively, the clear aperture and the focal length of 
the elements. 

4. The screen of Claim 1 wherein the lenslet array comprises 
elements which have a rectangular aperture. 

5. The screen of Claim 4 wherein, in viewer space, the screen has 
a vertical half field of view av given by: 

av = tan-i(0.5*CAv/f) 
and a horizontal half field of view och given by: 

a H = tan-K0.5*CA H /f) 
where CAv, CAh, and f are, respectively, the vertical clear aperture, the 
horizontal clear aperture, and the focal length of the elements. 

6. The screen of Claim 1 wherein the lenslet array comprises 
anamorphic elements. 

7. The screen of Claim 6 wherein, in viewer space, the screen has 
a vertical half field of view av given by: 

av = tan' 1 (0.5#CA/fv) 
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and a horizontal half field of view och given by: 

cch = tan'HO.S-CA/fH) 
where CA, f v, and f h are, respectively, the clear aperture, the vertical focal 
length, and the horizontal focal length of the elements. 

8. The screen of Claim 1 further comprising a protective layer on 
the light exiting side of the opaque layer. 

9. The screen of Claim 8 wherein the Fresnel structure, the 
lenslet array, the opaque layer, and the protective layer are arranged as 
subassemblies. 

10. The screen of Claim 9 wherein the Fresnel structure and the 
lenslet array are arranged in one subassembly and the opaque layer and 
the protective layer are arranged in another subassembly. 

11. The screen of Claim 1 wherein the screen is for use with a 
pixelized panel and the lenslet array comprises elements whose size is at 
least several times smaller than the magnified image of a pixel produced at 
the array by the projection lens. 

12. The screen of Claim 1 wherein the screen is for use with a 
cathode ray tube and the lenslet array comprises elements whose size is at 
least several times smaller than the magnified image of a dot spot of the 
cathode ray tube produced at the array by the projection lens. 

13. A rear screen projection system comprising a projection lens 
having an exit pupil and the screen of Claim 1. 

14. The rear screen projection system of Claim 13 wherein the 
Fresnel structure has a front focal distance and the distance from the exit 
pupil of the projection lens to the screen is equal to said front focal distance. 
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r 



l acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56. 



I hereby claim foreign priority benefits under 35 U.S.C. 1 19(a)-(d) or 365(b) of any foreign application(s) for patent or inventor's 
certificate, or 365(a) of any PCT international application which designated at least one country other than the United States of 
America, listed below and have also identified below, by checking the box, any foreign application for patent or inventor's certificate, 
or of any PCT international application having a filing date before that of the application on which priority is claimed 



Prior Foreign Application 
Number (s) 


Country 


Foreign Filing Date 
(MM/DD/YYYY) 


Priority 
Not Claimed 


Certified Copy Attached? 
YES NO 








□ 


□ 


□ I 








□ 


□ 


□ 








□ 


□ 


□ 








□ 


□ 


□ 



l~l Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto. 



I hereby claim the benefit under 35 U.S.C. 1 19(e) of any United States provisional application(s) listed below. 



Application Number(s) 


Filing Date (MM/DD/YYYY) 




60/150,451 


08/24/1999 


| | Additional provisional application 
numbers are listed on a 
supplemental priority data sheet 
PTO/SB/02B attached hereto. 
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DECLARATION - Utility or Design Patent Application 



I hereby claim the benefit under 35 U.S.C. 120 of any United States application(s), or 365(c) of any PCT international application 
designating the United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States or PCT international application in the manner provided by the first paragraph of 35 U.S.C. 1 12, 1 
acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56 which became available between 
the filing date of the prior application and the national or PCT international filing date of this application. 



U.S. Parent Application or PCT Parent 
Number 



Parent Filing Date 
(MM/PP/YYYY) 



Parent Patent Number 
(if applicable) 



□ Additional U.S. or PCT international application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto. 



As a named inventor, I hereby appoint the following registered practitioner(s) to prosecute this application and to transact all business in the 
Patent and Trademark Office connected therewith: 

I I Customer Number 



OR 



Place Customer 
Number Bar Code 
Label here 



Registered practitioner(s) name/registration number listed below 



Name 



Maurice M. Klee 
Mark W. Lauroesch I 
Alfred L. Michaelsen V^L^ 



Registration 
Number 



Name 



Registration 
Number 



30.3.99. 

35.583 

24,511 



Angela N. Nwaneri 



34,229 



□ Additional registered practitioners ) named on supplemental Registered Practitioner Information sheet PTO/SB/02C attached hereto. 



Direct all correspondence to: □ 



auricem K 



Customer Number 
or Bar Code Label 



OR Correspondence address below 



Name 



Maurice"M. Klee, Ph.D. 



Address 



Attorney at Law 



Address 



1951 Burr Street 



City 



Fairfield 



State 



ZIP 



06430 



Country 



US 



Telephone (203)255-1400 



FAX 



(203)254-1101 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of the 
jtion or any patent issued thereon. 




Additional inventors are being named on the 2 supplemental Additional Inventor(s) sheets PTO/SB/02A attached hereto. 
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DECLARATION 



ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

Page J_ of _2_ 



Name of Additional Joint Inventor, if any: j 

Given NQvr\e^j^^6jTV\^\^^)any]) 



I 1 A petition has been filed for this unsigned inventor 



Family Name or Surname 




Bunkenburg 



Name of Additional Joint Inventor, if any: j 

^^iVB«^4m^J^rst and middle [if any]) 



I | A petition has been filed for this unsigned inventor 



Family Name or Surname 



Brahim 



Dahmani 



Inventor's 
Signature 




Date 



Residence: City 



Montrouge \^ 



Country FR 



Citizenship 



FR 



Post Office Address 



5 bis rue Gabriel Peri 



Post Office Address 



City 



Montrouge 



State 




ZIP 


92120 


Country 



FR 



Name of Additional Joint Inventor, if any: 

(' EjVgpjjanfc *t< i • i and 1 1 1 iddl • [rfa nyj )_ 



I I A petition has been filed for this unsigned inventor 



-^Gregory 



Family Name or Surname 



Fulkerson 



Inventor's 
Signature 



Date 



Residence: City 



Amelia 



lOik. 



State 



OH Country US 



Citizenship 



US 



Post Office Address 



3725 Charterwood Court 



Post Office Address 



City 



Amelia 



State OH ZIP 45102 



Country US 



DECLARATION 



ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

Page JL of _2_ 



Name ofJ^itioj^Joint Inventor, if any: j □ A P etitjon has been filed for thls unsigned inventor 


Given Name (nrsWnd middle [if any]) 


Family Name or Surname 


v — 

Stooa — ■* 


Magarill 


Inventor's 
Signature 




Date 




Residence: City 


Cincinnati 


State 


OH 


Country 


US 


Citizenship 


US 


Post Office Address 


9836 Orchardclub Drive 


Post Office Address 




City 


Cincinnati 


State 


oh ; 




45242 


Country 


US 


N^tTie Of Additional Joint Inventor, if any: | □ A Potion has been filed for this unsigned inventor 


( ^Giyeja-N^^(^rst and middle [if any]) 


Family Name or Surname 


Johri_D— 


Rudolph 


Inventor's 
Signature 




Date 




Residence: City 


^ncinnatu ^ Iff 


State 


OH 


Country 


US 


Citizenship 


US 


Post Office Address 


5815 Ropes Drive 


Post Office Address 




City 


Cincinnati 


State 


Oh 


ZIP 


45244 


Country 


US 


Name of Additional Joint Inventor, if any: j □ A P etition has been fi,ed for thjs unsigned inventor 


Given Name (first and middle [if any]) 


Family Name or Surname 






Inventor's 
Signature 




Date 




Residence: City 




State 




Country 




Citizenship 




Post Office Address 




Post Office Address 




City 




State | 




ZIP 




j Country 





